The effects of various drying procedures of alfalfa forage were evaluated on chemical composition, in vitro neutral detergent fibre (NDF) and dry matter (DM) digestibility, in situ DM, organic matter and crude protein (CP) degradability. The alfalfa had been harvested in the spring growth (early bud and flowering) and first regrowth (late bud and late flowering) periods. The samples were dried at 30 °C (T30), 40 °C (T40), 50 °C (T50), 60 °C (T60) and 100 °C (T100) in a forced-air oven or frozen for one month and then freeze-dried (TFD) or oven-dried at 50 °C (TFREE). Another drying procedure included pre-treatment by heating in a microwave oven (TMO) or in a forced-air oven at 100 °C for 1 hour (T100+50) and then oven-dried at 50 °C. The freeze-drying method was chosen as a reference method. Freeze-dried samples had the lowest NDF, acid detergent fibre (ADF), acid detergent lignin (ADL), neutral detergent insoluble protein (NDIP) and acid detergent insoluble protein contents (P <0.05). Additionally, freeze-dried products had the highest CP, in vitro true digestibility of DM and CP degradability values (P <0.05). There was no added benefit of the TMO in the chemical composition, in vitro digestibility or in situ degradation compared with T50. This study showed that T50 can yield chemical composition, in vitro and in situ results that are similar to those obtained with the freeze-drying method and that this procedure is useful for forage analyses and evaluation. ______________________________________________________________________________________ Keywords: freeze-drying, insoluble nitrogen, in vitro digestibility, oven-drying, ruminants # Corresponding author: jancik.filip@vuzv.cz An accurate estimate of ingredient nutritional value is necessary for precise formulations of feed rations in all groups of farm animals, and useful in evaluating forages. The drying method can greatly affect the results of proximate analyses (Parissi et al., 2005) . Drying methods that involve heat may alter the chemical composition of feeds, including the NDF and lignin content, and may ultimately lead to the formation of indigestible Maillard products (Purcell et al., 2011) . Different drying methods could affect the content of chemical components, particularly the adhesion of nitrogen to NDF and ADF. They may also lead to an inaccurate determination of digestibility. Purcell et al. (2011) (2010) described FD as a method that requires access to expensive equipment, and is difficult to apply to large samples under field conditions. Pelletier et al. (2010) therefore proposed microwave pre-treatment, a fast and easy procedure that can be applied to a wide range of forage species, as an alternative to FD when it is not feasible. To the knowledge of the authors, no studies have compared a high number of conventional oven drying (OD) and innovative drying procedures (pre-treatments by freezing, microwave heating or short drying at high temperature) with FD on samples taken from the same plant material. The objective of this paper was to study the effect of various drying procedures on the chemical composition, NDIN, acid detergent insoluble nitrogen (ADIN), and in vitro digestibility and in situ degradability of alfalfa.
for spring growth and 20 June (late bud) and 7 July (late flowering) for the first regrowth in 2013. The samples were harvested in the morning (10:00) from three 10 m 2 areas that were divided into three replication sets of nine sub-samples (n = 108; 4 harvests × 9 drying treatments × 3 replicates). Each subsample was treated with one of the nine treatments, as described in Table 1 . The same procedure was used for all four harvesting dates. Drying for the treatments was at 30 °C (T30), 40 °C (T40), 50 °C (T50), 60 °C (T60) and 100 °C (T100), and was done by placing the 1000 g forage samples in stainless steel pans (40 cm × 55 cm), which were then placed directly into a forced-air oven. Two sub-samples were pre-treated by freezing after being placed into a plastic bag (1000 g per sample) for one month at -20 °C. The frozen samples were subsequently removed from the plastic bags, put in stainless steel pans, and placed directly in the oven (TFREE) or freeze dryer (TFD) (freeze dryer Alpha 1-4 LSC, Martin Christ Gefriertrocknungsanlagen GmbH, Germany) without a thawing period. One sub-sample of each sample set was pre-treated by heating in a microwave oven (Fagor Mo25DGB); 250 g of sample was heated for 70 s at high intensity to reach approximately 70 °C and then dried at 50 °C for 48 h (TMO). One sub-sample of each sample set was pre-treated by heating in a forced-air oven at 100 °C for 1 h and then dried at 50 °C for 48 h (T100+50). Dried samples were ground (Retsch SM 100; Retsch GmbH, Haan, Germany) using a 2-mm sieve for in situ analysis and through a 1-mm sieve for chemical and in vitro analysis. DM was determined by oven drying for 6 h at 105 °C. The ash was determined after 6 h combustion at 550 °C. N was determined with the Kjeldahl method (Kjeltec Auto 1030 Analyser, Höganäs, Sweden), according to the AOAC official method 976.05 (AOAC, 2005) . CP was calculated as N × 6.25. ADF and ADL contents were determined according to the AOAC official method 973.18 (AOAC, 2005) . The NDF content of samples and digested residues was analysed in the presence of sodium sulphite following an α-amylase treatment (Van Soest et al., 1991) . It was presented ash-free. Fibre fractions were determined with ANKOM 220 (ANKOM Technology, Macedon, NY, USA). NDIN and ADIN were determined according to the method described by Licitra et al. (1996) . NDIP and acid detergent insoluble protein (ADIP) were calculated as NDIN or ADIN × 6.25 (presented in g/kg CP).
The protocol of the present experiment was approved by the Animal Care and Use Committee, Institute of Animal Science, Prague, Czech Republic (Act No. 359/2012 Coll.) . The in situ method was used to determine the ruminal degradability of CP, organic matter (OM) and DM. All sub-samples were incubated in the rumen of two Holstein dairy cows for 24 hours. Approximately 5 g ground material was weighed into each bag (100 × 200 mm; pore size 50 μm), and 6 bags (three per cow) were prepared for each sample. Incubations were done in three runs. The cows were fed a diet in total mixed rations form in the amount of 45.95 kg per cow, comprising alfalfa silage (17 kg), maize silage (15 kg), maize LKS (3.5 kg), brewer's draft (7.5 kg), concentrate mixture (3 kg), mineral supplement (0.15 kg), wheat straw (0.30 kg) and alfalfa hay (0.50 kg). The diet was presented at 07:30 and 18:30 h (in proportions of 50 %). After removal from the rumen, the bags were plunged immediately into cold water and washed by hand for 30 minutes. After washing, the residues were quantitatively transferred to the plastic plates and dried for 48 hours at 50 °C. The residues were then weighed and analysed for CP, OM and DM. The in vitro true digestibility of DM (IVTD) and NDF (dNDF) was measured with an ANKOM Daisy II incubator (ANKOM Technology, Macedon, NY, USA), as described by Damiran et al. (2008) . In vitro incubations were performed in triplicate on each alfalfa sample in three runs. The IVTD and dNDF were calculated according to Pelletier et al. (2010) .
The data were analysed using the MIXED procedure of SAS (SAS Institute Inc., 2002), with drying methods (n = 9), stage of development (n = 4) and their interaction as fixed effects. Replicates were considered a random effect (n = 3). The data obtained using the in situ method were analysed as described above. The model was supplemented by the cow (n = 2) as a repeated effect. Statistical significance was determined at P <0.05. Least square means were reported. Comparisons of least squares means were done with the Tukey-Kramer adjustment.
The TFD was chosen as a reference method because it yields dried samples that are more closely related to living tissues (Pagán et al., 2009 ). The DM measured by TFD was comparable with that observed with other drying methods, except T40 and T60 (Table 2 ). The NDF content was higher when using the OD methods compared with the TDF (P <0.05). The highest value was detected for T100 (P <0.05). The TFD also yielded the lowest ADF and ADL contents, which were comparable with the TMO and T100+50 (Table  2) .
CP content was lower (P <0.05) when T60, T100 and T100+50 were used than with TDF (Table 2 ). Compared with other drying methods, markedly higher NDIP content (Table 2 ) was detected for T100 and T100+50 (P <0.05). On the contrary, the TFD yielded the lowest numerical contents of NDIP. Compared with other methods, T100 yielded the highest ADIP content. The T100+50 yielded a higher ADIP content than TFD (P <0.05). The lower fibre and lignin concentrations observed in the FD forages compared with the OD samples had also been observed in previous studies. Cone et al. (1996) found that the NDF content in protein-rich samples differed after using the drying methods compared with TFD, because of proteins that were bound to the NDF matrix. Parissi et al. (2005) showed an increase in the NDF and ADL content of forages as a result of OD owing to the formation of insoluble condensed tannin-protein polymers. Additionally, the ADF could be increased by the formation of Maillard reaction products, which occurs when samples are dried at high temperatures (Pelletier et al., 2010) . Pagán et al. (2009) demonstrated that the complexes formed by the OD technique were not dissolved within detergent extractions. This information was confirmed by the results of the NDIP and ADIP, in which rapid increases in NDIP and ADIP contents were detected when the samples were treated to above 40 °C and 60 °C, respectively. Nishino et al. (1994) also described an increase in the ADIN content in alfalfa when it was heated to 60 °C. This happened because of non-enzymatic protein-carbohydrate reactions, which are regarded as not available for animals. Compared with FD, Alomar et al. (1999) detected a 0.5 % reduction in the CP content as a result of the OD (65 °C for 48 h) of silages. In the current study, the differences of CP between TFD and T60 and T100 were 10 and 16 g/kg CP, respectively. This was probably caused by losses of compounds such as ammonia and other non-protein nitrogenous volatile substances (Alomar et al., 1999) , owing to high temperatures of T60 and T100.
The goal of utilising the short-time heating pre-treatments (T100+50 and TMO) was to increase quickly the temperature of the samples and rapidly remove moisture, while rapidly inhibiting enzyme activity and limiting the loss of carbohydrates (Pelletier et al., 2010) . The T100+50 and TMO were both comparable with the TFD regarding ash, ADF and ADL contents. The TMO did not differ with TFD in CP and ADIP contents, but both methods differed from TFD in NDF and NDIP contents. Pelletier et al. (2010) also compared the short time high temperature and microwave pre-treatments with FD for alfalfa and found a difference only in the NDIN content; N, ADF, NDF and ADIN contents did not differ. The same authors showed a small effect of microwave pre-treatment on the ADIN concentration compared with the NDIN concentration, which suggests that this procedure affected the true protein (soluble and insoluble protein in neutral detergent) more than the indigestible protein (ADIP) (Licitra et al., 1996) .
The in vitro true digestibility of DM was higher (P <0.05) in the TFD than in T30, T40, T50, T60 and T100 (Table 3) . Compared with TFD, only T40 yielded a lower in vitro NDF digestibility value (P <0.05). The DM degradability differed among TFD and T100, T40 and TMO by 26, 28 and 38 g/kg DM (P <0.05), respectively ( Table 3) . The values describing CP degradability (CPD) showed the impact of the drying temperature on CP utilisation. The lowest values of CPD were detected for T100, followed by T100+50, TMO and T60 (Table 3) . TFD yielded the highest numerical value for CPD. These values corresponded to the values observed for the CP and NDIP content when the lowest CPD values were found for samples with the lowest CP content and the highest NDIP content. This study confirmed the results of Pelletier et al. (2010) , who showed that IVTD tended to be higher in the FD and TMO samples than in the samples subjected to the other drying procedures. This finding suggests that leguminous species should be dried at low temperatures to avoid protein denaturation and to prevent fermentation. In the present study, no differences (P >0.05) were observed in the results of in vitro and in situ methods for TFREE, TFD, and T50. Huntington & Givens (1997) reported a reduction of DM degradability of pre-frozen grass silages. The authors also reported that freezing storage could form ice crystals in plant cell membranes. This could initiate or enhance subsequent As the alfalfa continued to mature, the fibre fractions increased and CP, IVTD, dNDF, DMD, OMD and CPD were significantly (P <0.05) reduced (Tables 2 and 3 ). The decline in the digestibility and degradability parameters corresponds to the growth of the fibre fractions and ADL amounts during the alfalfa maturation process, which are major factors that limit the digestibility of forages (Van Soest, 1994) .
There were no added benefits of the TMO in chemical composition, in vitro digestibility or in situ degradation when compared with the T50. Storing samples in a freezer did not affect the results obtained from the in vitro and in situ methods, compared with the TFD and T50. The FD is considered the best method for preparing samples before analysing their chemical composition and digestibility. However, the current study showed that T50 can yield results that are similar to the FD. Thus, the results of present study may be useful for forage analyses and evaluation.
